Abstract This study focuses on four textile industries (DH-GEDA, NOYA, ALMHADI, and ALSAR) established between 2005 and 2008 in the peri-urban areas of Dukem and Gelan. The objectives of the study were to generate baseline information regarding the concentration levels of selected pollutants and to analyze their effects on biophysical environments. This study also attempts to explore the level of exposure that humans and livestock have to polluted effluents and the effects thereof.
many countries promote their rapid economic growth. The textile industry is one of the most important subsectors of the manufacturing industry that contributes or contributed to the transformation of economies in countries such as China, Bangladesh, India, Vietnam, Turkey, and Nigeria (Islam et al. 2011; UNIDO 2012; Tran 2013; Singh et al. 2013) . In Bangladesh, e.g., the textile and garment sector contributes to about 77% of the country's foreign earnings and employs 50% of the industrial work force (Islam et al. 2011) .
Albeit, studies have shown that textile industries also have strong negative environmental impacts, often associated with water pollution (Sponza 2002; Islam et al. 2011; Siyanbola et al. 2011; Khan and Malik 2014; www. oecotextile.com (July 21, 2014) ). In most textile industries operating in developing or transition countries, wastewater treatment is non-existent, non-functional, or inefficient, leading to massive environmental pollution and health problems (Pamo 2004; Islam et al. 2011; Siyanbola et al. 2011; Paul et al. 2012) .
Textile industries consume large volumes of water and chemicals at different stages of the wet processing phases. According to Khan and Malik (2014) , one textile plant can use as many as 2000 different chemicals, from dyes to transfer agents. It can also use close to 2270 l of water in order to complete the production of less than 10 m of fabrics (Islam et al. 2011) . Huge amounts of water are needed for bleaching and dyeing and for conveying chemicals used in the dying process, as well as for cleaning the machines after each textile production phase. According to Govindarajalu (2003) , the water consumption of an average-sized textile mill (with a production of around 8000 kg of fabric per day) is about 1.6 million liters per day. This kind of textile plant can also generate up to 200-350 m 3 of effluents per ton of finished products (Ranganathan et al. 2007; Gozálvez-Zafrilla et al. 2008) , resulting in an average pollution of 100 kg chemical oxygen demand (COD) per ton of fabric (Jekel 1997) . The same studies have also revealed the presence of high amounts of pollutants in textile industry wastewater. For instance, the effluents from the dye bath had contained COD of 5000-6000 mg/l, 52,000 mg/l of total dissolved solids (TDS), 2000 mg/l of Suspended Solids (SS), and pH 9 (Verma et al. 2012; Khan and Malik 2014) .
Many studies have also revealed the negative impacts of such pollution. Mark (2004) , Kumer et al. (2012) , and Manunatha (2008) , for example, have shown that industrial effluents polluting the soil can affect plant growth, including agricultural crops, and apparently affect the livelihood of farmers in the area. On the other hand, (Govindarajalu, 2003) studied the effects of water pollution on the health status of the people using polluted water, using the Noyyal River as a case study in three districts in Southern India. In this context, Kovaipunder proved that health problems such as skin allergy, respiratory infections, general allergies, gastritis, and ulcers are prevalent in all of the 31 sampled villages. Khan and Malik (2014) Also conducted a study on the environmental and health effects of textile effluents in India. They showed that untreated or insufficiently treated textile effluents contain chemicals that can pollute the air people breath, causing respiratory health problems. In this study, Khan and Malik also discovered that effluents with high concentrations of chemical pollutants affect normal functions of human cells, especially in the case of fetuses, infants, and children. According to the findings of Khan and Malik, some textile pollutants in higher concentrations can alter the physiology and biochemical mechanisms of humans, resulting in the impairment of the physiological functions such as osmoregulation and reproduction, and can sometimes cause death. For instance, heavy metals present in textile effluents can easily accumulate in primary organs (i.e., heavy metals are not biodegradable) and can therefore cause cancer (Khan and Malik 2014) , one of the main reasons for shorter life expectancy in many countries (WHO 2008) . Beyond these health effects, effluents from textile industries can directly affect the income of farmers by reducing production and indirectly through higher medical expenses and reduced agricultural labor forces.
Effluents with concentrations above the legally permissible limits (e.g., Table 1 ) are likely to degrade and destroy local environments directly and indirectly by affecting the physical and biological environment, such as land, water, and living organisms and human beings. For instance, high concentrations of biological oxygen demand (BOD 5 ) increase the demands of dissolved oxygen (DO) by decomposers, leading to the depletion of the oxygen (O 2 ) required by other aquatic organisms to survive. From the perspective of human health, some pollutants suppress the immune system, which may have major-even deadly-health effects. This paper focuses on the negative impacts that pollutants have on the natural environment (as well as their effect on aquatic life and DO concentration) and its implication on human health and livestock.
Ethiopia is an overwhelmingly agrarian economy. The agricultural sector absorbs around 85% of the labor force and adds more than 40% to the national GDP (MoFED 2014) . While the industry sector only contributed 10% to the GDP in 2008/2009 and 12% of the GDP in 2013, its role remains very small. In 2011/2012, the industry sector employed less than 5% of the labor force (MoFED 2013; GTP 2013) , and since 1990s, the Government of Ethiopia has taken a number of steps in an effort to industrialize the economy and to promote industrial development. In general, the government has given specially emphasized manufacturing industries and textile industries in particular with the goal of utilizing natural resources and providing employment opportunities (IDS 2002; MoFED 2013) .
In the Ethiopian Constitution, Article 44 grants all citizens the right to live in a clean and healthy environment. Furthermore, Proclamation No. 300/2002 (2002 , article 3 (1), stipulates that, "No person shall pollute or cause any other person to pollute the environment by violating the relevant environmental standard." Article 3 (2) of the same proclamation further states that the relevant authority or the relevant regional environmental agency may take administrative or legal measures against a person who, in violation of law, releases any pollutant into the environment.
The towns of Dukem and Gelan in central Ethiopia were selected in 2004 in order to establish Industrial Development Centers (IDCs). So doing was part of the Ethiopian government's strategy to accelerate economic growth by establishing industrial development corridors in the selected town's four regions, namely Oromia, Amhara, Tigray, and the Southern Nations, Nationalities, Peoples and Regions (SNNPR), as well as in Addis Ababa and Dire Dawa since 2004. Thus, the selected IDCs, the federal government, or private companies in collaboration with the federal government were enabled to establish industrial zones (IZs) that specialize in the manufacture of specific products in factories or industries set up in a single premise (e.g., IZs for leather and Generally, most of the licensed investment projects in the manufacturing sector were textile and apparel, agroprocessing, food and beverage, still and metal industries, and non-metallic construction material industries. One of the pharmaceutical industries (Kadila Plc.) was also established in Gelan town. Field observations showed that, apparently, some of the operating factories have been discharging effluents directly into the drainage channels and the nearby streams, which likely has an impact on the quality of surface water, on the environment, and on the health of both humans and livestock. In addition to this, it was evident that effluents have significantly eroded the esthetic value of the landscapes in these areas.
This study focuses on four textile industries (DH-GEDA, NOYA, ALMHADI, and ALSAR) established between 2005 and 2008 in the peri-urban areas of Dukem and Gelan. Three of them are established and owned by foreign investors from China and Pakistan; one (DH-GEDA) is owned by an Ethiopian company. With this as a backdrop, this case study focuses on the following objectives: understanding the concentration levels of selected pollutants from textile industries and analyzing their effects on biophysical environments. This study also tries to explore the level of exposure that humans and livestock have to polluted effluents and their effects.
Methods and materials
The study sites
The four case study textile industries, DH-GEDA, NOYA, ALMHADI, and ALSAR, are located in the towns of Gelan and Dukem, part of Finfinne Special Zone (FSZ), Oromia Regional State, 27 and 35 km, respectively, south of Addis Ababa. NOYA and DH-GEDA are located between 8°48′ 0″ N-8°51′ 0″ N latitude and 38°49′ 30″ E-38°52′ 30″ E longitude in Gelan, and ALSAR and ALMHADI are located in Dukem town between 8°45′ 0″ N-8°48′ 0″ N latitude and 38°52′ 30″ E-38°55′ 30″ E longitude (see Fig. 1 ).
Except for DH-GEDA, with close to 150 employees, the other three textile industries had a total of between 450 and 500 employees by the end of 2013. As defined by the Central Statistical Agency of Ethiopia ((CSA) Central Statistical Agency of Ethiopia 2016), all four textile plants are categorized as medium-and large-scale industries from this point (MLSI). All four factories primarily use dye and bleach fibers (polyester and acrylic yarn) as raw materials.
Data sources
The findings of this study are based on data empirically collected from two sources: laboratory analysis of sample effluents from the four selected textile plants and quantitative as well as qualitative socioeconomic data collection. During the 1950s, in the early days of modern water and wastewater quality monitoring, particular issues were rarely focused on. However, the water and wastewater quality assessment process has now evolved into a set of sophisticated monitoring activities that include the use of water chemistry, particulate material, and aquatic biota (e.g., Hirsch et al. 1988) . Many manuals on water and wastewater quality monitoring methods already exist (e.g., Alabaster 1977; UNESCO/WHO 1978; Krenkel and Novotny 1980; Sanders et al. 1983; Barcelona et al. 1985; WMO 1988; WHO 1992) . Standard methods for examining water and wastewater represent the best current practices of water analysis. This comprehensive reference covers all aspects of water and wastewater analysis techniques. In this study, the laboratory test methods and procedures applied in order to determine the parameters were based on the standard methods outlined and recommended by APHA (1999) and (Chapman, 1996) As part of the latter, a household survey and focus group discussions (FGDs) with elderly and other focal individuals were employed in Dukem and Gelan and the results from the different sources were triangulated (Appendix). The procedures that were followed during the data collection are presented in the following.
Physical sample collection for laboratory test
Preparation for field sample collection (phase I)
In phase I, the sample sites were identified and all necessary preparations required for the sample collection were arranged in close consultation with the laboratory of the Environmental Protection Authority (EPA) in Addis Ababa. In the process of characterizing effluents from industries and on matters related to determining the quality of water, it was essential to work in close consultation with the EPA laboratory expertise in order to ensure the quality standards of the sample collection and the use of the analytical methods (see also APHA 1999). At the beginning of the fieldwork, we identified effluent discharge points for all industries and recorded their coordinates using Global Positioning System (GPS) devices. Furthermore, all required tools used to collect, preserve, and transport the samples were sorted, cleaned, and disinfected at the laboratory station. An icebox was prepared to transport the samples at a temperature of 4°C to the laboratory in Addis Ababa within less than 8 h after the sample collection. Codes, names, and source of the samples were indicated on polyethylene cans in order to guarantee traceability.
Field work (phase II)
In phase II (in June 2013), the actual samples were collected in the field, using grab and composite methods. The grab method was utilized in order to take in situ measurements of some parameters that otherwise would change their characteristics. A total of 200 ml was taken from effluent discharge points, and measurements for pH, EC, TDS, and temperature were recorded using Hanna Instrument Model HI 98129 and HI 98130. In determining these parameters, appropriate calibrations and adjustments to all parameters were made at each stage before taking measurements. The color and turbidity level of the samples were determined with Photometer 8000 (Palintest 8000 models). The next step was the collection of samples for laboratory tests. This was done using the composite method from which 250-ml samples were collected five times at half an hour intervals. The samples were then mixed and put into 1-l airtight polyethylene cans (GEMS/WATER Operational Guide-3rd edition, 1992) that were stored in an icebox at a temperature of 4°C and transported to the EPA laboratory in Addis Ababa for physicochemical and microbial analysis.
Laboratory analysis of the samples (phase III)
Phase III included entirely laboratory-based activities for the determination of physical and biological parameters for all the samples. The laboratory test methods and procedures were applied in order to determine the parameters based on the standard methods outlined and recommended by APHA (1999) and WHO/UNEP (1996) . Moreover, the Standard Analytical Procedure for water analysis developed jointly by governments of India and the Netherlands in 1999 was applied. In the laboratory, the samples were prearranged and then sent for physicochemical and microbiological analysis of COD, BOD 5 , sulfide (S 2 ), sulfate (SO 4 2 ), total nitrogen (T-N), nitrate (NO 3 ), nitrite (NO 2 ), total ammonia (T-NH 3 ), R-phosphate (R-PO 4 3 ), magnesium (Mg), and zinc (Zn) as well as for biological determination (total coli form and fecal coli form). In the microbiology lab, the fecal coli form (F. Coli) was determined by applying the membrane filter procedure with Laurel sulfate broth. The F. Coli counts were measured by filtering effluent samples with a special filter paper with a pore size of 0.45 μm and a 47-mm diameter. This filter paper allowed for the retention of all F. Coli bacteria on it, which was later placed on an absorbent pad (47-mm diameter) saturated with a F. Coli of medium growth and incubated at 44°C for 24 h. After incubation, the yellow colonies were counted, recording the number of counts per 100 ml.
Qualitative, quantitative data collection, and focus group discussion Before initiating the household (HH) survey, Kothari's (2004) (Eq. 1) simplified formula was used to determine the optimum and representative sample sizes required for the survey. Of the total seven kebeles in Gelan and Dukem, five kebeles (all the three of which were in Dukem with two out of four in Gelan) 1 were selected based on the presence of a large number of investments in the manufacturing industry in general and of textile industries that discharge liquid effluents in particular. A kebeles is the smallest administrative unit of local government in Ethiopia, similar to a ward, a neighborhood, or a localized and delimited group of people. Each kebele consists of at least 500 families or the equivalent of 3500 to 4000 individuals. Out of 821 HHs living in the five selected kebeles, Gelan K, Tulu Guracha, Gogecha, Koticha, and Xadacha, 262 HHs were distributed proportionally to each kebele, which were interviewed using systematic random sampling (SRS) methods. Kanupriya (2013) suggests the use of SRS when the study population is small and homogenous. In order to obtain complementary qualitative information, two focus group discussions (FGDs) were conducted with 12 elderly participants (six each in Gelan and Dukem, Fig. 2 ).
where n = size of sample. N = size of population. e = acceptable error (the precision). σ p = standard deviation of population. z = standard variate at a given confidence level.
In this formula, the following assumptions were made: the size of the population is 821, the standard error (acceptable error) is 0.05, the standard deviation of the population is 0.5, and the value of standard variant at 95% confidence interval (z) is 1.96. Thus, actual sample size was calculated as follows:
Accordingly, 262 sample respondents were fixed for household surveys.
The FGD participants were selected based on the number of years lived in the kebele and their role within their respective kebeles. Additionally, expert interviews with textile factory managers and technicians, veterinarians, and experts in the environmental protection units at levels of urban administration in the study towns were conducted. Table 1 presents a list of the parameters for the physicochemical and bacteriological characteristics of textile effluents in Gelan and Dukem. Those parameters whose values exceed the permissible limits of discharge into the inland surface water sources as outlined in the EPA guidelines are highlighted in yellow. Accordingly, of the total 16 observed parameters in the samples from all investigated industries, three parameters (COD, BOD 5 , and total suspended solids (TSS)) were found to be higher than the permissible discharge limit. Conversely, a high level of total coli form (T. Coli) was recorded in effluents from ALSAR and ALMHADI, while S 2 was observed in effluents from DH-GEDA.
Results

Physicochemical properties of the effluents
Comparisons of the concentration level of selected pollutants among the industries
This section graphically presents the actual measured values of selected pollutants in all four observed textile industries. It aims to enhance the (visual) understanding of the concentration levels of pollutants against the limits 2 allowed by the EPA guideline. Graphs also show the differences between our measured values (the straight black lines in the figures) and the tolerable concentrations for discharge into inland water sources, as permitted in the EPA guideline (the broken blue lines).
Pollutants observed in high concentration in all selected industries
The (BOD 5 , COD, and TSS were found in high concentration in samples from all four of the selected industries (see Table 1 ). Analyzing the concentration level of BOD 5 is vital, as BOD 5 is one of the most important indicators of water quality (WHO 2008) . Figure 3 shows that the concentration level of BOD 5 in all of the samples taken from the four textile industries in Gelan and Dukem is above the permitted concentration limit of this pollutant into the inland water sources (broken horizontal line). 2 The maximum limit of discharge varies from one pollutant to the other one, as it was stated in the EPA guideline (e.g., EPA standard indicated in the last column of Table 1 ). The highest concentration of BOD 5 was observed in effluents from ALMHADI (252 mg/l), followed by DH-GEDA (139 mg/l). The values of BOD 5 in effluents from NOYA (91.50 mg/l) and ALSAR (84.00 mg/l) were also higher than the concentration allowed by the EPA ( Fig. 3 ; Table 1 : footnote 1).
Another pollutant found in high concentrations was COD. The COD content of the effluents from our case study strongly varies among the effluents from the sample industries. The lines in Fig. 4 show that the lowest (130.28 mg/l) and the highest values (733.5 mg/l) were measured in DH-GEDA and NOYA, respectively. In Dukem, the concentrations strongly vary between effluents from ALSAR (130.28 mg/l) and ALMHADI (470 mg/l). The COD levels in effluents from NOYA and ALMHADI are nearly five and three times, respectively, higher than the concentration levels tolerated by the EPA. A study by Jekel (1997) shows an average pollution of 100 kg COD is the result of 1 t of finished products of fabric. Accordingly, the higher COD level in effluents from NOYA and ALMHADI may be due to more tons of finished products. Also, the low quality of effluent treatment techniques used in NOYA and ALMHADI could also result in inefficient removal of pollutants below the level expected. Furthermore, the type and quality of chemicals used in the COD treatment plant would also affect the efficiency of pollutant removal (Magarde et al. 2009 ).
Another important parameter used to determine the pollution levels of effluents from the sample textile industries is the concentration level of TSS. Textile industries use organic and/or synthetic fibers as a raw material, which ends up as part of the release of SS in the wastewater.
Figure 5 also shows that another pollutant, TSS, was found in the samples with a high concentration level. The highest concentration was found in effluents from NOYA (368 mg/l), followed by ALMHADI (146 mg/l), ALSAR (114 mg/l), and DH-GEDA (46.5 mg/l). The measured TSS values from NOYA, ALMHADI, and ALSAR are 12, 5, and 4 times, respectively, higher than the limit of 30 mg/l allowed by the EPA. One implication that high TSS concentrations have on the environmental is that it blocks sunlight from pervading the water, which negatively affects photosynthetic plants and hampers the oxygen production in the water (Prabu et al. 2008) . Furthermore, in a study by Bukhari (2008) , raw municipal wastewater was electrocoagulated in order to remove TSS using stainless steel electrodes. The result showed that the efficiency of TSS removal depends on the amount of iron generated from the anode of the reactive electrode. Also, according to Meybeck et al. (2003) , the temporal variability of TSS decreases with an increased basin size and lake abundance and is higher for basins influenced by glacier melt and snowmelt.
Pollutants limited to certain industries
Although T. Coli and Escherichia coli (E. coli) are not directly related to the textile industries, they were found in effluents from ALMHADI (820 mg/l) and ALSAR (712 mg/l) in higher concentrations (Fig. 6) Table 1) microbiological contamination of water used for domestic uses (WHO 2008) .
. Coli forms a r e t h e m o s t c o m m o n i n d i c a t o r s o f t h e
The presence of all types of coli forms, especially of E. coli (also code-named E. coli 0157:H7), in water used for domestic consumption can cause health problems for humans, children in particular (WHO 2008) . In spite of the potential health risk of water in streams or waterways, local people rely on the water to meet their demands, especially for sanitation and livestock.
Effects of industrial effluents in the study areas
Esthetic values and quality of local environment
In spite of their importance for economic growth, industrial plants are generally associated with the generation and discharge of solid or liquid wastes. The reduce, reuse, and proper recycling of these wastes require adequate financial and technological resources. In this regard, most industries in Gelan and Dukem have established neither treatment plants nor adequate storage or discharge channels for their wastes. As a result, polluted liquids are directly discharged into the open landscape (Fig. 7) .
The volume of some discharged effluents was so high that they block local resident's walkways. Some of them were discharged without even using decolorizers in order to remove the different dyes used during the process of dying or bleaching the fibers and/or yarns (Fig. 7a, b) or effluents with high turbidity levels ( Fig. 7c ) that were discharged from NOYA, DH-GEDA, and ALMHADI textile industries, respectively. 
Impact of effluents on people's health
Another aspect of this study was to assess the effects of contaminated effluents from textile industries on the health of people living around the textile factories, especially those living very close to the factories and downstream along the discharge channels. According to data obtained from special reports from the Oromia Regional State, close to 84% of the total population of Oromia Regional State lives in rural areas, with an average tap water supply of less than 50% (ORS 2012). Accordingly, most of the households living around the textile factories in Gelan and Dukem depend on surface water for domestic use (Fig. 8) . Table 2 illustrates households' access to potable water for domestic use in the towns of Gelan and Dukem. It shows that most households have access to potable water for domestic use in both towns. Accordingly, nearly 84 and 82% of the households in Gelan and Dukem, respectively, replied that they have access to potable water. On the other hand, nearly 14 and 12% of the interviewed households in Gelan and Dukem, respectively, replied that they do not have access to potable water at all.
In this context, having access to potable water does not necessarily mean that these households are connected to a public water pipeline system in their compounds or at least close to their residences. Information obtained from the water and energy offices in Dukem and Gelan indicates that potable water supply coverage is less than 40% and that households obtain their water from different sources: public tap water, private houses, and/or the premises of some investors and open surface water sources such as streams and open channels. In some parts of Dukem and Gelan, investors have constructed groundwater wells for industrial purposes, and at times, they allow residents who live close to the premise to tap these resources (Fig. 7 ). Yet, obtaining water from these sources is tedious and access is restricted. Wells remain closed during daytime working hours, between 8.00 a.m. to 5:30 p.m., and before and after residents have to wait in long queues to obtain a jerry cane of water every 2 or 3 days. Households who live close to the urban centers travel longer distances in order to fetch water from public taps, for which they have to pay. Others buy water from private water traders. Particularly poorer households and those who reside in areas that are rural have to rely on surface water from nearby rivers or streams-which is often contaminated by effluents from industries, textile industries in particular. The participants of the FGDs stated that residents who live along channels that transport textile effluents and those who live downstream are more vulnerable than those who live faraway. Thus, in the face of a very limited potable water supply and open surface discharge of industrial wastewater, the likelihood of local people being exposed to effluents would be high. With this in mind, the respondents were asked if they think that any of their household members ever became sick because of the exposure to industrial effluents locally discharged into open spaces, canals, or streams.
The responses of the interviewees are shown in Table 3 . They indicate that the perceived nexus between health problems and the exposure to industrial effluents induced by textile industries was null in Xadacha kebele and in Dukem (0.0% or "yes" answers) and relatively high in Gelan K (9.1%), T/Guracha (12,5%), and Gogecha (14.7%) kebeles in Gelan. In the Koticha kebele in Dukem, however, 30.6% (19) of the interviewees said that at least one of their household members had become sick following exposure to industrial effluents. Unlike all other kebeles, Koticha hosts both ALMHADI and ALSAR textile industries. The incidence of health problems is mostly related to skin allergies and stomach health problems. One of the participants in the FGD explained the health effects of polluted water in the following way:
"At the very beginning no one realized that sickness such as skin disease (allergy) and other internal (stomach) health problems were related to the exposure to polluted water in the stream that we used to rely on for many years in the past. We were not given any orientation or warning against the potential health risks of polluted water. Those who walk bare foot and cross through the flow lines of effluents or polluted streams contracted skin allergy and internal disease. Besides, most of our children who look for the livestock in the open filed walk bare foot through polluted water; some of them who took bath in the polluted water contracted health problems, skin allergy in particular. As time goes on local people began distancing themselves from all the surface water except potable or pond water."
Health effects on livestock
Livestock is a major source of income for many households in the study area, and rearing livestock depends on the availability of safe drinking water. Table 4 shows that the principal sources of water for livestock drinking are rivers and streams in Gelan K (66.2%), Gogecha (58.8%), and T/Guracha (50%) kebeles in Gelan. Conversely, households in Xadacha (83.3%) and Koticha (72.6%) use tap water to water their livestock. In spite of these differences, livestock is set free in order to graze in the open landscape during the long dry season and on the fields after harvest. Hence, the provision of tap water does not mean that the livestock is not exposed to effluents (Fig. 9) . This was also witnessed in the FGDs, where particular worries were expressed about the health of children who rely on milk and milk products from their own livestock.
Based on the prevailing scenarios, an assessment was made in order to understand the magnitude of livestock health problems and the accompanied effects for which the result of the household survey data is displayed in Table 5 . Table 5 shows that the magnitudes of assumed effects of effluents on the health of livestock vary in each studied kebele, depending on its location and the level of access to the municipal water supply. The livestocks of residents who live in the downstream kebeles of Gelan K and Koticha (Fig. 10) are relatively more affected than those in upstream kebeles, like Xadacha and Gogecha. Most residents in Gelan K, Koticha, and parts of T/Guracha kebele live downstream. Accordingly, 64.5, 56.3, and 50% in Gelan K, Koticha, and T/Guracha kebeles, respectively, reported cases of sick livestock, compared to 11.1 and 32.4% in Xadacha and Gogecha kebeles.
In order to assess the sources of water for livestocks and the health condition of livestock at the kebele level, a chi-square test was conducted and the results show that the Pearson chi-square test result shows that there is a link between the location of the study kebeles and the sickness of livestock (χ 2 = 122.45, df = 6, P < 0.05) ( Table 6 ).
In order to identify the types of livestock that are more vulnerable to health problems assumed to be caused by polluted water, the respondents were asked to reflect on their past experiences. Accordingly, of the five livestock categories considered in this study (cattle, donkey, horse, sheep, and goat), cattle were identified as most vulnerable, followed by donkeys, in all the study kebeles. Furthermore, in an expert interview, a veterinarian expressed his view on the nexus between livestock sicknesses and effluents as follows:
"Generally, microorganisms, pathogens are known for causing human or livestock health problems and that some of the effluents discharged from industries hold high amounts of organic loads: textile, food and beverage, tannery, etc. The presence of high organic loads amounts to the presence of microorganisms (aerobic/ anaerobic) that survive by decomposing organic loads. Therefore, the use of water infected with pathogens means high risks of contracting disease by the livestock. Based on this fact, most of the livestock that were brought to the veterinary clinics for treatment were diagnosed for bacterial infections mainly "Salmonella".
Based on our recorded data, more cases were reported for cattle and donkeys than other livestocks which were in fact much less in number among the livestock types owned by most households" (question no. 8; expert interview conducted February 20, 2014). The role of livestock on the livelihoods of households in the study area is immense. Therefore, their longlasting sickness or even death can easily disrupt the economic situation of a household.
Economic costs of human and livestock treatments
Cost of medical treatment for a family member
Another aspect of this study was to assess the economic costs of human and livestock treatments. This section shows the estimated costs that a household might pay for a medical treatment that is needed due to exposure to industrial effluents at a Kebele health post. The mean costs for a treatment for a sick individual were more or less similar in Gelan (US$5.9) and Dukem (US$4.0) in 2014 (Table 8) . Based on the interviews made with drug dealers in Gelan and Dukem, the lowest costs arise when sick individuals purchase "paracetamol" (also called "pain killer") in order to get relieve his/her pain or from an itching skin due to a skin allergy. In extreme cases, however, a patient may pay total costs up to US$11.5 (and Dukem) and US$15 (in Gelan), respectively (Table 7) .
Economic costs of livestock treatment
In this regard, an attempt was made to collect information on the economic costs of livestock treatment in a veterinary health post. Table 8 outlines the mean costs for treatment of cattle per visit. The variations in livestock treatment costs were between US$1.8 in Gelan and US$1.6 in Dukem; the slight variation in the treatment cost was mainly attributed to the level of sickness and the type of veterinary health posts visited.
3 On the other hand, the loss of livestock due to health problems, which might be due to the exposure to polluted surface water, is a serious economic loss for the concerned households. Table 9 gives a summary of the average price of the livestock at local markets.
The mean market price of sick/affected cattle in Table 10 was calculated based on the estimated cattle price of the local markets. The respondents have estimated the price of their cattle at the local market between US$50 and US$600 (Table 10) , based on age, size, and health status of the animal. Therefore, losing cattle costs a household, on average, about US$300 per animal.
Community trainings and consultations
According to Proclamation No. 300/2002 (2002) , the environmental awareness of local communities should be raised through community training and/or consultations that would enable them to protect themselves, as well as their property, against the danger posed by toxic substances. Against this backdrop, the question was raised to the interviewees if they ever received any form of training or consultation from local or regional governments aimed in order to create awareness of how to protect their household members and/or their livestock against effluents from the nearby industries. The findings are shown in Table 10 .
It is evident from Table 10 that the large majority of the respondents (79.4%) did not receive any form of information, training, and/or consultation at all. In the face of widespread and uncontrolled discharge of effluents into the open environment (Fig. 2) , this is an astonishingly high figure. Only 15.2% of the interviewees reported that they received information on the potential harm caused by the industrial effluents.
Discussion
The environmental-and health-related problems associated with wastewater discharged from textile industries have since long been sources of global concern. Textile effluents consisting of high concentrations of toxic chemicals and organic loads-often beyond the permissible limit-can alter the physi cochemi cal 3 Usually, private owned health posts are costlier than public ones. In Dukem town, most people bring their sick livestock to public health posts for which they pay less compared to Gelan where the prices are set by private clinic owners. characteristics of humans, animals, and plants, as well as whole ecosystems (Zaharia et al. 2011) . Through this, they produce multiple indirect economic costs, e.g., by reducing agricultural production or by increasing the cost of drinkable water and health treatment. Of the total 16 parameters observed in the laboratory, this study focused on and selected ones that help to determine the quality of water for different uses. The discussion involved comparing the values obtained in the laboratory and the permissible limit of discharge allowed focusing on why some of these pollutants were observed in large concentrations and the implications of polluted surface water on the health of humans and livestock.
Major pollutants and their concentration levels against the national standards
In all samples collected from the effluents of the four case study textile industries, six variables were measured much higher than the permissible limit of discharge. Three of them (BOD 5 , COD, and TSS) were observed in effluents from all four textile plants, while the others were plant specific. In this context, Islam et al. (2011) 5 , between 615 and 1245 mg/l for COD, and between 0.11 and 310 mg/l for COD. The measured values of temperature in wastewater discharged from textile plants in most cases fall well within the national standards of their respective countries. In our study, however, an exceptionally high temperature of 77°C was measured in effluents from the NOYA textile industry in Gelan. This is nearly double the national and international permissible limit of the maximum temperature of 40°C for discharged effluents, as well as the highest temperature measured in effluents from textile industries worldwide. Islam et al. (2011) also measured an exceptionally high temperature (i.e., slightly higher than 50°C) in effluents discharged from a textile industry in Narayanganj city in Bangladesh. A wastewater temperature of 77°C is likely to have strong negative impacts on the surrounding animals, plants, soils, and wetlands. Another important pollutant identified in the sampled effluents was T. Coli, where 820 ± 195 and 712 ± 37.0 mg/l were found in the samples taken from ALMHADI and ALSAR industries, respectively.
The main reason for the presence of these pollutants in large quantities is attributed to the fact that most textile industries use organic materials and fibers as raw materials. More importantly, the absence of effluent treatment and/or the low quality of effluent treatment techniques used (e.g., due to age or model) results in the pollutants being removed to a level below expected inefficiently. Furthermore, the type and quality of chemicals used in the effluent treatment plant would also affect the pollutant's removal efficiency (Magarde et al. 2009; Govindarajalu 2003; Khan and Malik 2014) .
It is important to say that all industries investigated in this study, except NOYA, have their own effluent treatment plants and yet still discharge highly polluted effluents. The measured values of the sampled effluent taken from the NOYA industry showed that 8 of the 16 parameters are much higher than the national limits. According to the technician who works on the effluent treatment plant and the manager of the company (i.e., ALMHADI), the design of the treatment plant and the chemicals that they use were not effective. In an expert interview, the ALMHADI manager indicated that they are aware of the problem but that the more effective wastewater treatment measures are expensive and the priority of their company is profit. Unlike ALSAR, ALMHADI was able to regulate the amount of most pollutants within the intended national limit. For instance, of the 16 investigated pollutant types, the values of only 4 pollutants were seen as slightly higher than the permissible limit. The values for all of the other 8 parameters were lower than the EPA regulation (Table 1 ). The manager of the company ALMHADI was already aware of the problem and was focused on an appropriate industrial waste management strategy.
The environmental implication of wastewater from textile industries According to Kant (2012) , effluents with high temperature and pH values above the tolerable limit (as proven in this study for the effluents from NOYA) could cause the extinction of important microorganisms. Likewise, the presence of high amounts of BOD 5 in wastewater has led to the depletion of DO, which is important for the survival of wetland ecosystems. The environmental implication of high BOD 5 in wastewater is associated with the removal of dissolved oxygen (DO), which is central for aquatic ecosystems. The amount of DO available in water is directly affected by the amount of BOD 5 loads in effluents. High concentrations of BOD 5 could create an ideal environment for the growth of microorganisms that survive by decomposing the organic matter using DO. Thus, at higher concentrations, BOD 5 removes more DO that are equally required for the survival of other aquatic life, mainly fish and other aerobic organisms that will be threatened in such circumstances (Islam et al. 2011; Prabu et al. 2008; Kovaipunder 2003) . The removal of more DO affects the availability of DO required for the plant's metabolism and reproduction (Mallya 2007) . COD was another pollutant found in large concentrations in the effluents sampled from all of our four case study industries. The main problem related to high COD concentrations is that it depletes available DO. In this environment, anaerobic microorganisms use DO to oxidize inorganic loads in the water. Hence, sustained removal of DO has a destructive effect on aquatic biodiversity by reducing the metabolism and the water's ability to recharge water oxygen.
In this study, we also considered pH, S 2 , NO 3 , P-SO 4 3 , and zinc. The pH value is linked to the biological productivity of aquatic ecosystems in a way that does not deviate from the specified limit without risking damage to their productivity (Islam et al. 2011; Tüfekci et al. 2007) . Given that, our study revealed that the pH value calculated for all industries was within the specified limit but that the measured value was very close to the margin of alkalinity (Table 1) . According to WHO/UNEP (1999) , pH values between 6.5 and 8.5 are within the typical range of most major drainage basins around the world and are usually referred to in order to indicate good water quality. According to our results, the concentration of sulfate in effluents from DH-GEDA was slightly higher than the permitted discharge limit (Table 1 ), indicating that its higher levels in the surface water would present health risks to people. Earlier studies have also demonstrated that high sulfate concentrations in water used by humans could increase the chance of exposure to diarrhea (Khan and Malik 2014) .
Textile waste water and its effects on the health of the human and livestocks Households who reside far away from the towns of Dukem and Gelan and those who live downstream were found to be the most vulnerable to health problems. Generally, the relative number of human health problems associated with polluted surface water was much lower than the figures indicated for livestock.
According to the results of this study, children who live close to the wastewater discharge canals and those who live in downstream kebeles were more affected than those who live farther away from wastewater sources and pathways. A verification of the principal causes of human health problems would, of course, demand medicinal diagnoses and specialized laboratory tests. Yet, the high levels of contamination in wastewater with different chemicals and the high T. Coli content, as well as the high temperature of effluents, are considered as factors that contribute to human health problems. However, the magnitude of the problem varies within the study kebeles, especially with regard to the perceived nexus between health problems and industrial effluents (between 0.0% in Xadacha and 30.6% in Koticha). Residents in downstream areas and those who live in areas with limited or no access to potable water reported the highest occurrence of related health problems.
The main water-related problem for households is that the availability of public and private potable water sources was not sufficient to cover the demands of domestic households. Many households are thus forced to use water from open streams and drainage channels that are often polluted by effluents. Coli forms are the most commonly used indicators of contamination in drinking water. Water that contains coli forms should immediately be tested further for fecal coli forms or E. coli (see in the following). Boiling coli-contaminated water for 1 min is a reliable way to disinfect it. Of the two types of the pollutants, the presence of E. coli, also code-named E. coli 0157:H7, in the water used for domestic consumption, can cause human health problems, for children in particular (WHO 2008) .
An important point observed in this study is the prevalence of livestock health problems to those observed for humans. Yet, we observe considerable variations in the distribution of the problems: at study town level, more livestock health problems were reported in Gelan than in Dukem (Table 5) . At kebele level, however, the results reveal that households in kebeles situated downstream were more affected than those situated upstream. For instance, situated along the flow lines of the effluents where livestock could easily access the wastewater, sickness among livestock was reported in Gelan K and in parts of T/Guracha and the Koticha kebele. This is primarily due to the absence of any alternative sources of drinking water for the livestock and the people in the study kebeles. Thus, unless the issue of environment and the livelihood of these people are properly handled, the ongoing scenario suggests that there will be more damage to the environment and the livelihoods of the local people.
Conclusions
Ethiopia is one of the least-developed countries worldwide, and agriculture is the backbone of its national economy. Conversely, the industrial sector is in its infancy, accounting for less than 5% of the work force and contributing less than 13% to the national GDP. Since the formulation of the Industrial Development Strategy (IDS), the Ethiopian government has taken a couple of proactive measures in order to "modernize" the economy by promoting the industrial sector. The main justification of the industrial development project is its economic benefits at local, regional, and national levels. However, the project also showed some significant negative impacts.
Since 2005, Dukem and Gelan towns have undergone rapid industrialization process that involved the rapid flow of investors, whose origin is local. The results of this study revealed that the concentration of some physicochemical and bacteriological pollutants (BOD 5 , COD, and TSS) in textile effluents in Gelan and Dukem is higher than the permissible limit defined by the Ethiopian Federal Environmental Protection Authority (EPA). The concentrations of other pollutants, however, were below that limit. This study also indicated that the environmental consequences of disposing untreated or inefficiently treated wastewater into ambient environments damage the aquatic biodiversity. Moreover, one of the critical problems of textile industries in developing countries is the management of the vast amounts of waste generated. Challenges are particularly associated with disposal of wastewater into the ambient environment. Therefore, in areas where development activities take place, consultation with the local communities raises community awareness of development activities. Consultation or holding community training boosts, not only the awareness and participation/support for development activities in their locality, raises their awareness in protecting their family and properties from the negative outcomes of the proposed or ongoing changes.
According to the findings of this study, the indiscriminate conversion of large tracts of prime agricultural lands has been negatively affecting the livelihoods of the affected households in many ways. In the first place, intensive land conversion caused a sharp reduction in the total cultivated land size and the volumes of food crop production both at the study kebele and at household level leading to household food insecurity. The study showed that industrialization and land use change have affected household food security in three aspects. Firstly, they lost large agricultural land area (i.e., nearly half of what they owned at the start of the program in 2005) for the establishment of industrial projects, which did not ensure stable jobs or better wage for peasants. Secondly, the expropriation of farmlands significantly reduced the self-reliance of the households on food. Many of the surveyed households reported that they are not able to produce enough food for their own consumption and high living costs (i.e., due to reduced farmland size and production, none existence or limited opportunities of off-farm and nonfarm employment incomes) and the price of stable food crops is also increasing. Finally, health problems (i.e., human and livestock) are found as an important result of deteriorating environmental pollution in general and from the high risk posed by the industrial effluents.
Based on the findings of this study, many of the farming households are not comfortable with the procedures involved in process of land expropriations. Because of the lack of transparency during field measurements of the expropriated farmland size, the elements were considered in estimating the values of their properties and in the final compensation amounts. The grievances of most of the affected households are so intense in relation to the inadequacy of the compensation money and the manner in which the compensation money was aid to them. Due to the very short notification period (sometimes 30 days), the affected families are not given much time to adapt to changing living circumstances when they lose their land.
Another grievance by the affected households was related to the low development level of the converted lands and lack of off-farm or non-farm employment opportunities for some of the households, where the income derived from agricultural activities is simply too low to cover all living expenses either due to too small farmland size or turned into landless. Moreover, the younger generations do not wish to work as farmers. Based on the results of the field GPS survey, although agricultural land was converted into IZs, many licensed investors did not develop the land, hence did not invest as initially proposed. This is confirmed by this study. It shows that the majority of the licensed investors (72% in Gelan and 63% in Dukem) did not develop their land in a stipulated period.
In consequence, the substantial conversion of farmland into "industrial land" negatively affects local people not only through the loss of their farmland but also through the lack of promised employment opportunities and improved infrastructure that might have otherwise offset their losses in the agricultural sector. In relation to employment opportunities, high labor migration coupled with labor selection turned against the chances of getting opportunities for the local people where the level of human capital development is very low and with no specific skill acquired by most of the unemployed people except activities related to farming. As a result, those households who heavily rely upon farming activities, on their own land or on the land of others by working as farm laborers, often have more difficulties in taking care of their families when agricultural land conversion takes place and agricultural land holdings decline. In short, although non-agricultural activities are considered positively related to higher income and sustainable livelihoods, the success of non-agricultural trajectories depends upon the households' "starting position." It is no given that people, especially the poor, can actually take advantage of new employment opportunities outside the agricultural sector.
Finally, the results of this study can highlight a significant lack of comprehensive studies that can indicate the impact of textile industries' effluents on the health of people in the towns of Dukem and Gelan. Accordingly, a study on the impact of textile industries' effluents on people's health in Dukem and Gelan should be considered in future studies. a. a. 
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